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Acoustic Output from Therapeutic Ultrasound Units
Reports of metered inaccuracy in Itherapeu-
tic' ultrasound unit output have been made since
1962, but have tacitly been accepted, perhaps
due to the universal lack of appropriate testing
facilities. Factors of treatment selection subject
to instrumental error include duration of appli-
cation, operating frequency, intensity, pulsed
output. Metered errors in space-averaged inten-
sity are common and are the most difficult to
detect without specialised equipment which is
rarely available. Couplants, epsential for ultra-
sound transmission, can be a source of acoustic
power loss if incorrectly used. Beam profiles
demonstrate the rapid spatial variations in the
near (Fresnel) zone, necessitating soundhead
movement during treatment. Ultrasound phys-
ics must be understood, but professional integ-
rity should demand better output testing facil-
ities and equipment for clinical treatment.
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A problem confronting workers in
the therapeutic ultrasound field is that
of ensuring the reliable calibration of
output, either for clinical use or for
research purposes as there are very few
laboratories in any country which are
both fully equipped and readily acces-
sible for this purpose. One reason for
this lack may be that physiotherapists
and others using ultrasound have been
slow to realise the extent to which these
instruments may be inaccurate, and
hence the need for improvement in test-
ing and calibration facilities. Never-
theless discrepancies between metered
and actual acoustic power emitted from
ultrasonic instruments and/or the need
for adequate testing facilities have been
reported by a number of workers, in-
cluding Kossoff (1962), Gordon (1965),
Hill (1970), Stewart et a/ (1973a,
1973b), Repacholi and Benwell (1979)
and Snow (1982). Total acoustic power




Four of the factors which must be
selected and recorded for ultrasound
treatment are subject to instrumental
error. The factors are:
duration of the application time se-
lected
operating frequency of the trans-
ducer
intensity of output used
modification of the beam.
Inaccuracies in the treatment timer
(which usually acts also as the ON/
OFF switch) can be compensated for
by the use of a reliable stopwatch. Pos-
sible equipment error affecting treat-
ment duration will therefore not be
discussed further here.
The frequency of the electrical driv-
ing signal to the transducer may affect
output if it is not matched to the par-
ticular crystal, as oscillation of the lat-
ter will only occur maximally when a
state of resonance exists, as described
by Wells (1977). Replaceable sound-
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Figure 1: Diagrammatic section of therapeutic soundhead.
been reported as liable to very consid-
erable deviations from nominal value
only since the late 1970s. Allen and
Battye (1977, 1978) in Britain, were the
first to show that the effective radiating
areas of therapeutic transducers often
fell outside the 100/0 tolerance sug-
gested in International Electrotechnical
Commission Publication 150 (1963). It
was not until 1980 that Stewart et of
stated that large discrepancies could
exist between advertised radiating area
based on transducer crystal size or other
information and the actual area ra-
diating ultrasound. Hence individual
transducer radiating area cannot be as-
sumed from the size of the soundhead
face, and small variations in crystal size
or shape are common which, together
with manufacturing processes, could
affect the spatial distribution of output
(Wcm 2).
In Australia, Fyfe and Parnell (1982)
and Thompson and Fyfe (1983) not
only confirmed what had been reported
elsewhere about discrepancies in total
power output from therapeutic ultra-
sonic instruments, but also showed
clearly that effective radiating areas of
transducers are as likely as the power
output to be beyond specified tolerance
limits. Users of therapeutic ultrasound
have been slow to realise the variation
in output which can be emitted from
different units at similar metered val-
ues, and to press for improvement.
Continuous output of ultrasound
(CW) may be modified to produce
pulses of acoustic energy whose length
and the interval between them are an
electrical function of the equipment.
Pulses are nominally rectangular in
shape although variations at either end
have been found when visualized by
means of a hydrophone and cathode
ray oscilloscope, and if present they
alter the ratio between pulse and in-
terval.
In pulsed mode the total acoustic
power delivered is less than in CW at
the same chosen peak intensity and the
interval between pulses is thought to
allow for the circulation to dissipate




Measurement of total acoustic power
(W) is more easily performed than the
measurement of effective radiating
area. Nevertheless although a number
of portable devices are available for
measuring wattage output, laboratory
equipment is necessary for precision.
Portable devices to measure acoustic
power are at their most effective when
used to detect changes in output over
time, as few of them have all the prop-
erties, such as controlled operating
temperature or recently degassed water,
which are preferable for the recom-
mended tests. In addition some port-
able devices are not very robust and
can become inaccurate, requiring to be
re-set in the laboratory at intervals.
Most of these devices have a scale which
also indicates intensity, but this scale
presupposes a standard size of trans-
ducer effective radiating area.
Whenever acoustic power (W) has
been adequately tested and reported
upon, a high incidence of calibration
inaccuracy has been found (Gordon
1965, Stewart et of 1973a, 1973b, Re-
pacholi and Benwell 1979). In one of
these studies (Stewart et of 1973a), 85
per cent of the units tested while op-
erating in continuous mode were found
to have an acoustic power output error
which exceeded 20070.
Effective transducer radiating area, the
other contributory factor in space-
averaged intensity, appears to have
handle
angle may be adjustable
L..I;i~.mt-- air backed transducer bonded to front
plate of soundhead
heads usually need to be tuned to the
unit. Although no reports of gross de-
viations in the ultrasonic frequency of
therapeutic units have been made, Al-
len and Battye (1977) have pointed out
that a drift of 2kHz would produce
only a ± 3070 variation in output level,
if the instrument was initially tuned to
within 5kHz of the frequency for peak
acoustic output. In practice, therefore,
minor frequency deviations are unim-
portant in their effect on output.
Intensity is an essential element in
the selection of treatment, and also the
most likely factor to be seriously af-
fected by instrument defect. More cor-
rectly referred to as space-averaged in-
tensity, it is the quotient of total output
wattage and effective transducer area
and is therefore described in watts per
square centimetre (W/ cm2 or Wcm 2).
Figure 1 depicts the diagrammatic rep-
resentation of a 'therapeutic' type of
soundhead, showing the position of the
crystal. Because soundheads of differ- J
ent manufacture vary in size, it has
long been acknowledged as more suit-
able to cite the space-averaged intensity
of output instead of the total acoustic
power output (wattage) in the expres-
sion of dosage of ultrasound applied
(Schwartz 1957). However this practice
can give rise to considerable error if
measurement is made of only one of
the factors in the equation W/ cm2 , such
as only the numerator.
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sorption of the beam. At low intensities
the heating effect may thus be min-
imised if not eliminated by local blood
flow through the area.
Couplants
Air is a barrier to the ultrasound
beam, therefore whatever the acoustic
output may be from the soundhead,
the patient or subject must be coupled
to it by some means which excludes
air. Water is a good coupling agent
when used for treatments given in a
water tank or bath, but lacks the vis-
cosity necessary for contact treatments
performed out of water. For these,
when the soundhead is in skin contact,
a variety of mineral and vegetable oils
have been used and several proprietary
gels are available. Two reports are rel-
evant in determining the effectiveness
of these couplants in transmitting the
ultrasound beam. Reid and Cummings
(1973) placed a number of commonly
used ultrasonic coupling agents into
rank order of transmissivity and found
one of the proprietary gels to be su-
perior to most other agents used. How-
ever, a later investigation by Warren
et of (1976), in which thin films of
several of the same agents were used,
and amongst which mayonnaise was
included, showed that insignificant ab-
sorption of ultrasound occurred if cou-
pling media were used as a thin film
0.75 MHz
(confirmed in an unpublished experi-
ment by the present writer). These au-
thors stated that variations in trans-
ducer contact pressure caused more
difference in acoustic energy transmit-
ted than did different couplants. They
concluded that cost and convenience
could therefore be used to influence
the choice. Thus the use of a thick glug
of gel in the hollows of irregular body
surfaces to improve soundhead contact
will alter transmission, and is no sub-
stitute for the use of under-water treat-
ment. Similarly, the use of a 'water
bubble' or 'cushion' between sound-
head and skin where the surface is ir-
regular is less effective than treatment
under water. Some unquantifiable
transmission loss will inevitably occur
between skin, gel and bubble and also
between bubble, gel alld soundhead.
Couplants have an additional func-
tion during insonation, which is to en-
able the soundhead to move easily over
the area treated. Such movement is
necessary in order to avoid circulatory
stasis, which was shown to occur in
small blood vessels parallel to the beam,
with the use of a stationary soundhead
(Dyson et of 1971, 1974).
In under water treatments, the
soundhead is commonly used at a dis-
tance of approximately lcm from the
part treated and with the beam incident
at 90°. At a distance of lcm, the ir-
regularity of the rapid spatial varia-




near (Fresnel) zone will still be present
(Figures 2 and 3). For this reason, the
transducer or soundhead must be
moved over the treatment area as for
contact treatments, in order to equalize
reception. The Fresnel zone conven-
tionally extends from the transducer
face to the last axial maximum defined
as a2/}.., where a is the radius of a
circular transducer and A is the wave-
length, and a2> >}..2 (Wells 1977). The
acoustic wavelength is the velocity of
sound in water, divided by the ultra-
sonic frequency. The velocity of ultra-
sound in water alters very slightly with
temperature changes, which affect
water density, but for practical pur-
poses it is commonly assumed to be
1500ms 1. Due to the length of the Fres-
nel zone at therapeutic frequencies, the
actual measurement of the transducer
from the part is not critical for small
distances under water.
Figure 2 shows the spatial variations
in the Fresnel zone by the beam profiles
at lcm from the faces of three trans-
ducers (0.75, 1.5, 3.0MHz) obtained
by means of a hydrophone scan across
the central diameter of each. A com-
posite beam plot at lcm from the
3.0MHz transducer face is shown in
Figure 3. The use of a treatment dis-
tance from the transducer to the part
insonated in water, which would cor-
respond to the position of the last axial
maximum would eliminate the spatial
variations of the beam (Figure 4), but
3.0 MHz
Figure 2: Hydrophone scans showmg output patterns of transducers of frequencies shown. Scans were taken across the
centre of the pulsed beam 1cm from the transducer face. Note spatial variations in the near (Fresnel) zone.
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Figure 3: Three dimensional plot of transducer output 1cm from 3MHz transducer
face. A composite picture constructed from a series of hydrophone scans across
the transducer at 2mm steps. Scales indicate spatial distance in the plane normal
to the beam.
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cessitate its movement to avoid over-
heating, and couplants such as gel
should be applied thinly to avoid trans-
mission loss. Many clinicians using ul-
trasound with a careful and skilled
technique still tend to ignore the body
of evidence indicating the likelihood of
inaccuracy of metered output. The so-
lution to this problem lies in profes-
sional awareness and the pressure of
informed opinion for better testing fa-
cilities and equipment to use in the
treatment of patients.
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A number of causes capable of af-
fecting the treatment of patients with
ultrasound have been discussed. Out-
put is not uniformly distributed over
the soundhead. The effective trans-
ducer area over which it is emitted var-
ies from unit to unit and unless this is
tested no measurement of total power
can be related to the space-averaged
intensity metered. Spatial variations of
acoustic output near the soundhead ne-
Figure 4: Bell shape of central scan by
hyarophone across the ultrasonic beam
taken at a distance of the last axial
maximum from the transducer face.
Note the absence of spatial variations.
this is usually impractical. Soundhead
movement would still be necessary, to
avoid the possibility of circulatory
stasis.
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